The study describes the synthesis of glycidyl methacrylate microspheres cross-linked with ethylene glycol dimethacrylate. With the use of suspension-emulsion polymerization, microspheres with different degrees of cross-linking were prepared. Their chemical modification involved several steps: at the beginning, the epoxide ring was opened using sodium cyclopentadienide; in the next step, materials with grafted cyclopentadiene fragments were then subjected to Diels-Alder reaction with maleic anhydride; in the last step, the anhydride groups were turned into carboxylic groups. To confirm the attachment of cyclopentadiene to the microspheres surface, the material obtained was treated with fluorescence marker N-(1-pyrene) maleimide. The resulting material has fluorescent properties in the UV wavelength of 366 nm. Moreover, to confirm the chemical structure of modified materials, attenuated total reflection-Fourier transform infrared spectroscopy analysis was performed. Thermal stability in inert atmosphere of prepared microspheres was determined. It was found that chemical modification of the microspheres surface improves their thermal resistance. On the basis of this study, it can be assumed that the Diels-Alder reaction is an expedient tool to obtain microspheres having carboxyl and hydroxyl groups, which can be an interesting option as stationary phases in chromatography.
INTRODUCTION
Microspheres made of vinyl monomers can be synthesized by a range of techniques (Arshady 1988; Gokmen and Du Prez 2012) . Cross-linked polymeric microparticles play an important role in various applications, including their use in medical and pharmaceutical applications (Saralidze et al. 2010) , as stationary phases for chromatographic columns (e.g. high-performance liquid chromatography) (Beneš et al. 2005; Gawdzik et al. 2006) , in gel permeation chromatography (Li and Stöver 1998), ion-exchange (Barbaro and Liguori 2009), solid-supported catalysis (Haag and Roller 2004) , enzyme immobilization (Miletić et al. 2009 ), solid-phase extraction (Gawdzik and Matynia 1996; Prasada Rao et al. 2004 ), scavenging (Maeda et al. 2006 , solid-phase peptide and organic syntheses Orzáez et al. 2007; Sinigoi et al. 2009 ). One important parameter for the performance of microspheres in these applications is the availability of functional groups on the particle's surface.
An enormous increase in applying the concept of the design of macromolecular materials was introduced in 2001 by Sharpless and others scientists (Barner-Kowollik et al. 2011; Kolb et al. 2001) . The click chemistry concept was adopted as one of the methods for the functionalization of polymeric microspheres and microparticles. The functionality of materials can be extended by various modifications. There exist two fundamental approaches for the grafting of polymer chains onto surfaces: grafting from and grafting to. Such surface-modified microspheres are referred to as functional polymeric microspheres.
The microparticles functionalization via grafting to is used in conjugation with thiol-ene/ thiol-yne chemistry (Goldmann et al. 2009 ), Cu(I)-catalyzed Huisgen azide-alkyne cycloadditions (Kolb et al. 2001) , thiol-isocyanate click (Hensarling et al. 2011 ), activated esters (Harrisson et al. 2011 ), oxime-click (Novoa-Carballal and Müller 2012 ), Michael addition (Nair et al. 2014 Hoyle et al. 2010) , epoxides ring opening (Nordborg et al. 2008; Wang et al. 2006 ) and (hetero) Diels-Alder chemistry (Kaupp et al. 2012) .
The microspheres with clickable groups can be synthesized by a radical polymerization method with commercially available monomer-glycidyl methacrylate (GMA)-and a cross-linker. Epoxy groups existing in GMA structure are good starting objects for several modifications. Moreover, vinyl monomer GMA is stable in (neutral) water-based emulsions. It should be noted, however, that the opening of the epoxy ring in its structure with a nucleophile results in the appearance of secondary -OH groups, which may interfere with some chemistries. The aim of this study was to obtain GMA cross-linked microspheres and then to modify their surface with carboxylic polar groups. As an expedient tool for this modification, the Diels-Alder reaction was chosen. Prepared materials' chemical structure and thermal stability in inert atmosphere were determined.
EXPERIMENTAL ANALYSIS 2.1. Materials
GMA, ethylene glycol dimethacrylate (EGDMA), α,α'-azobisisobutyronitrile (AIBN), sodium bis(2-ethylhexyl) sulfosuccinate (SDS), sodium cyclopentadienide (Na-Cp), maleic anhydride (BM), N-(1-pyrene) maleimide were acquired from Sigma-Aldrich Chemie (Steinheim, Germany). Toluene, 1-decanol, methanol, ethanol, tetrahydrofuran, hexane and acetone were from POCh (Gliwice, Poland).
Methods of Analysis
Attenuated total reflection-Fourier transform infrared spectroscopy (ATR-FTIR) spectra were recorded on a Tensor 27 (Bruker) spectrometer equipped with a diamond crystal. The spectral range was 600-4000 cm −1 with a resolution of 4 cm −1 and 16 scans. Thermogravimetric (TG) analysis of materials was carried out with a Netzsch STA 449 F1 Jupiter thermal analyzer (Germany) at the heating rate of 10 K min −1 , in the temperature range of 20-850 °C, with the sample mass of 10 mg in helium atmosphere. The gas flow rate was 20 ml minute −1 .
Preparation of Porous Microspheres and Their Modification
Polymeric microspheres were synthesized by suspension-emulsion polymerization in accordance with the procedure described earlier (Grochowicz et al. 2008) . Detailed polymerization recipe is presented in Table 1 . In each experiment, water and SDS were added to a 250-ml round-bottom flask equipped with a thermometer and mechanical stirrer. After complete dissolution, a mixture of the initiator (AIBN), solvents (toluene and 1-decanol) and monomers in different molar ratios (GMA and EGDMA) were added. Established process parameters were as follows: temperature 80 °C; reaction time 18 hours; stirring speed, approximately 300 rpm. Porous beads formed in this process were filtered, washed with distilled water, dried and extracted in a Soxhlet apparatus with boiling acetone, toluene and methanol, and finally dried overnight at 40 °C under reduced pressure. The particles' diameters were in the broad range from 2 to 38 μm. Based on the molar ratio of GMA to EGDMA, the materials obtained were denoted as GMA-EGDMA 80/20; GMA-EGDMA 60/40 and GMA-EGDMA 50/50.
The obtained GMA-EGDMA microspheres of the known epoxide number (LE), calculated as presented in our previous paper (Grochowicz et al. 2008) , were modified with sodium cyclopentadienide. To a Schlenk flask located in an ice bath (temperature, about −7 °C), appropriate amount of Na-Cp was dropwise added. After about 1 hour, the flask was removed from the bath and the process was continued at room temperature for 24 hours with constant stirring. The resulting GMA-EGDMA-Cp microspheres were filtered off and washed with acetone, solution of EtOH/water (50:50), 3% HCl in water, water, tetrahydrofuran and hexane. The prepared materials were then dried at 50 °C overnight.
The GMA-EGDMA-Cp microspheres were treated with BM in the Diels-Alder reaction. The process was carried out in acetone solution at 50 °C for 2.5 hours. In the last step, the opening of the anhydride ring in the resulting GMA-EGDMA-Cp-BM microspheres occurred. The synthesis was conducted in a 100-ml flask containing 60 ml of water using a magnetic stirrer, at a temperature of 100°C. The acid number (LK) of the synthesized GMA-EGDMA-Cp-KM microspheres was determined (Grochowicz et al. 2008) .
RESULTS AND DISCUSSION
The functionalization of co-polymeric microspheres is a multi-step process. In this work, primary spheres were synthesized by suspension-emulsion polymerization using GMA and the crosslinking agent ethylene glycol dimethylacrylate. Three types of microspheres with different molar ratios of co-monomers were obtained. The chemical structure of prepared microspheres was confirmed by ATR-FTIR analysis. On the spectra of GMA-EGDMA materials in Figure 1 , one can see the absorption band of the carbonyl group vibration present at 1725 cm −1 and the band at 1146 cm −1 attributed to the C-O-C group vibration. Because the C-O-C group is present in both co-monomers, its absorption band maximum has a slight shoulder. The presence of epoxide ring in the network of the materials was confirmed by bands at 907 and 845 cm −1 and their intensity increased with the increasing amount of GMA in the co-polymeric networks. Epoxide number measurements showed that the amount of epoxide units in the synthesized microspheres was in the range of 1.71-4.45 mmol/g (Table 2 ). Because of the presence of a ring-strained epoxide, GMA-based spheres were ideal substrates for further functionalization with nucleophiles. According to Scheme 1, GMA-EGDMA microspheres were obtained by simple radical polymerization (1). The epoxide ring from GMA was opened in the following step by sodium cyclopentadienide (2), which is a derivative of the one of the most reactive dienes in the Diels-Alder reactions. This reaction was monitored directly by ATR-FTIR analysis and LE measurement. In Figure 2 , the ATR-FTIR spectra for modified GMA-EGDMA 80/20 materials are presented. Upon comparing the spectra of primary sample and Cp-modified sample, some slight deviations of the absorption band at 907 cm -1 was observed. However, it was difficult to assess this process with the use of ATR-FTIR analysis. Similar observation was also reported earlier by Barner-Kowollik et al. (2011) . To be sure that the reaction of microspheres with Na-Cp was successful, microspheres with attached Cp moiety were treated with fluorescent marker-N-(1-pyrene) maleimide (Scheme 2). As shown in Figure 3 , the obtained material shows fluorescence after irradiation with light of wavelength 366 nm. Upon analyzing LE values (Table 2 ) before and after epoxide ring opening, it was found that under used reaction conditions, more than 50% of epoxide groups reacted with Na-Cp.
To introduce the carboxylic functionality into GMA-EGDMA microspheres the Cp-functional materials were subjected to the Diels-Alder reaction with classic substrate-BM (Scheme 1, reaction 3). In this case, the ATR-FTIR spectrum has clearly shown that the anhydride moiety was attached to the material surface. The absorption peak at 1778 cm -1 is attributed to the C=O group vibration derived from anhydride. The following step of modification relied on the conversion of anhydride to carboxylic acid (Scheme 1, reaction 4). To achieve successful transformation of the anhydride group to the carboxylic groups, the reaction temperature had to be increased to 100 °C. Moreover, in the course of our research, thermal characteristics under inert conditions of prepared materials were identified. The TG and corresponding differential TG (DTG) curves of primary GMA-EGDMA set of materials are presented in Figure 4 . As can be seen in this figure, the thermal stability of discussed microspheres is dependent on their degree of cross-linking. The initial decomposition temperature, determined as 5% mass loss, was 232 °C for GMA-EGDMA 80/20 and 237 °C for GMA-EGDMA 60/40 and 50/50. Simultaneously, based on DTG curves, it can be assumed that prepared materials decomposed in three steps in inert atmosphere. However, for GMA-EGDMA 80/20, pronounced peak with T max1 equal to 249 °C corresponding to the epoxide ring degradation is observed, whereas in the case of GMA-EGDMA 60/40 and 50/50, the course of DTG curves is different and the first peaks are not so significant. Figure 5 shows the TG and DTG profiles for modified GMA-EGDMA 80/20 materials. Thus it can be seen from these curves that the chemical modification of primary materials significantly changed the thermal behaviour of the resultant samples. Based on presented data, it can be assumed that thermal analysis besides providing the information on thermal stability, also provided the evidence for successful chemical modification of GMA-EGDMA microspheres.
CONCLUSION
With the use of suspension-emulsion polymerization, microspheres of GMA cross-linked with EGDMA were obtained. Based on the molar ratio of GMA to EGDMA, the prepared microspheres were characterized with different epoxide numbers. The materials thus obtained were successfully treated with sodium cyclopentadienide resulting in the attachment of cyclopentadiene moiety into the surface of microspheres. By conducting the Diels-Alder reaction, it was possible to modify microspheres' surface with BM and in the next step, the formation of carboxylic groups was possible. The ATR-FTIR analysis is not the proper method to confirm the epoxide ring opening reaction by Na-Cp, but thermal analysis, epoxide number determination and Diels-Alder reaction with fluorescent marker were better methods for clear and definite confirmation of the success of this process. The chemical modification of the GMA-EGDMA microspheres surface improves their thermal resistance. The obtained microspheres possessing carboxyl and hydroxyl groups in their networks are interesting chromatography phases. 
